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INTRODUCTION

GENERAL

Welcome to the DOE Condition Assessment Survey (CAS) Program. In the next few pages you will
be introduced to a new way of seeing familiar things. As an introduction to CAS, this Program
Overview will explain how the various parts of CAS have been developed and integrated to meet

the needs of DOE sites, Field Offices, and Headquarters. Our discussion will center around three
broad topics:

WHY CAS?

This section will discuss issues DOE has faced in previous inspection approaches and
explain the CAS goals of providing creative “standardized” solutions.

WHAT IS CAS?

Here, key elements of the CAS Program and how they relate to each other will be examined.

HOW IS CAS IMPLEMENTED?

Strategies for beginning to use CAS and the key roles facility managers and CAS inspectors
play within the CAS process are detailed.

Again, welcome to the CAS Program. Your role in this program is essential to its overall success

Rev. 05/93 i-5



DOE CAS Manual

Volume 2: 0.02 Substructure

INTRODUCTION

DOE NATIONWIDE INVENTORY:

10,000 BUILDINGS AND
15,000 STRUCTURES ON 52
SITESNATIONWIDE

LACK OF DOE STANDARDS
VARYING DEGREES OF
INSPECTION
INCONSISTENT RESULTS
LEADING TO INEQUITIES
AMONG SITES
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WHY CAS? « The State of DOE

The use of standards, from simple weights and measures to complex computer language, has
been a fundamental part of human development. Because of standards, we can be assured that
a meter of length in one place is the same in another. This question of standards has become
increasingly important for DOE. Over the past 50 years, DOE and predecessor agencies have
been at the forefront of the nation’s technical advances. This investment has left the department a
vast array of facilities under its care. With 10,000 facilities and 15,000 miscellaneous structures
comprising over 100,000,000 square feet at 52 sites across the country, the problem of design,
construction, and maintenance of all DOE physical plants is acute. Add aging facilities, revised
missions, and changing technology, and condition assessment becomes a vital tool to use to
ensure facilities will continue to meet DOE's and the nation’s program goals.

The current state of condition assessment across all DOE assets is mixed. While DOE regulations
dictate facility assessments be made, no one methodology is mandated to conduct them. As a
result, DOE surveys have varied from site to site, with some locations providing exhaustive in-depth
analysis while others have used a more limited approach. Because of such different
interpretations, it is difficult to judge the validity and comparability of data being provided. This, in
turn, has led to funding requests that cannot be fully substantiated to Congress.

This lack of standards for use in the facility assessment process and the resultant inconsistencies
in developing program budgets have convinced DOE that a standardized, clearly defined
methodology for condition assessment is essential to support DOE’s program missions.

Rev. 05/93 i-7
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ASSESS PHYSICAL CONDITION OF EXTENSIVE AND VARIED DOE FACILITY
AN-D EQUIPMENT INVENTORY

STANDARDIZE INSPECTION PROGRAM FOR ALL SITES

IDENTIFY REPAIR/REPLACEMENT NEEDS TO FACILITATE KEY BUDGET
DECISION MAKING

DEVELOP SUPPORTABLE FUNDING REQUESTS BASED ON “UNIVERSAL”
STANDARDS
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WHY CAS? - Four Key Requirements

In today’s economic environment, it is essential that the DOE knows with confidence the condition
of its vast asset inventory. To accomplish this, a method to review all DOE assets in a
“standardized” approach is required. In designing guidelines for such a program, DOE
established four key requirements:

Assess physical Condition of All Assets:
To be valid, all sites eventually must be included in the program. Universal participation will ensure
that all DOE sites and installations will be using the same “score card.”

Standardize Inspection Programs:

To remove the problem of inconsistent and misinterpreted facility inspection data, a “standard”
evaluation method used by all DOE sites is required. Results from such a program will allow DOE
to determine a “base condition” for all of its assets.

Identify Repair/Replacement Funding:

Using inspection data from all sites, a general picture across all DOE assets and programs can be
used to direct limited resources to crucial areas. Standardized reports form “a level playing field” to
ensure that all programs and missions will receive a fair analysis.

Develop Supportable Funding Requests:

In today’s atmosphere of fiscal constraint, requests for funds from Congress require extensive
Justification, backed up by reliable, consistent field data, if such programs are to be successfully
supported.

Rev. 05/93 i-9
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A SYSTEMATIC INSPECTION APPROACH INSTITUTED AT ALL SITES

SYSTEM |
. e o 0000000 e e
.
SYSTEM 12
WORK BREAKDOWN STRUCTURE CAS MANUALS

@ FACILITIES DMDED IN TWELVE SYSTEMS @ 12 CAS SYSTEM MANUALS CONTAINING
DEFICIENCY & INSPECTION STANDARDS

|

UV

CAIS DATA PROGRAM STATE-OF-THE-ART HAND-HELD COMPUTER

CAIS DATA SUPPORT CAS @ HAND-HELD COMPUTER INSPECTION
INSPECTION ANALYSES PROGRAM BASED ON 12 CAS MANUALS
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WHAT IS CAS? - The Work Breakdown Structure {(WBS)

The CAS system has been developed to answer the critical questions facing DOE. Using state-of-
the-art hand-held computers and system software programs, the CAS process will establish a
systemized, standard approach to facility and asset evaluations. This program will help DOE
provide the necessary assets as it seeks to bring our nation’s premier research and development
agency into the year 2000 and beyond.

The condition assessment process involves evaluating separate building “systems” that comprise
the entire facility. These systems traditionally fall under three broad professional disciplines:
architectural (including structural), mechanical, and electrical. = Specialty assessments (e.g.
industrial hygiene, chemical engineering) are usually performed as adjuncts to these primary
disciplines when required. The WBS employed under CAS is based on the 12 system assemblies
that R.S. Means employs in its square foot cost analysis. Using this system as a foundation to
define assemblies and components in the CAS Program will create a direct link to a broadly
accepted industry-wide standard.

TABLE ONE
WORK BREAKDOWN STRUCTURE CONSTRUCTION SPECIFICATIONS

SYSTEM (R.S. MEANS CAT.) CONTROL NO. DIVISION {MASTERFORMAT) DESCRIPTION
FOUNDATIONS & FOOTINGS.. ........ 0.01 SYSTEM 01000 . GENERAL REQUIREMENTS
SUBSTRUCTURE ..o 0.02 SYSTEM 02000 i SITEWORK
SUPERSTRUCTURE ......ccooeiiiinns 0.03 SYSTEM 03000 oo, CONCRETE
EXTERIOR CLOSURE .......ccccevviine 0.04 SYSTEM 04000  ooiiii MASONRY
ROOFING.. ..o 0.05 SYSTEM 05000 i METALS
INTERIOR FINISHES & 06000 .o, WOOD & PLASTICS
CONSTRUCTION ....ccovvviiririiine 0.06 SYSTEM 07000 ... THERMA L & MOISTURE PROTECTION
CONVEYING SYSTEMS .........cccce.. 0.07 SYSTEM 08000 .o DOORS & WINDOWS
MECHANICAL SYSTEMS 0.08 SYSTEM 09000 oo FINISHES
ELECTRICAL SYSTEMS ..o 0.09 SYSTEM 10000 oo SPECIALTIES
*PROD/LAB/OTHER EQUIPMENT.. 0.10 SYSTEM 11000 EQUIPMENT
SPECIALTY SYSTEMS.. ......cccovuvunne 0.11 SYSTEM 12000 o FURNISHINGS
SITEWORK ..ot 0.12 SYSTEM 13000 SPECIAL CONSTRUCTION
14000 CONVEYING SYSTEMS
15000 i MECHANICAL
16000 ot ELECTRICAL

The WBS of the CAS Program will be linked to the MASTERFORMAT system developed by the
Construction Specifications Institute (CSI) and used as the basis for the DOE Design Guide (DOE
6430.1A). These CSI numbers will be referenced after each system assembly and component in
the CAS Manuals as follows:

EXAMPLE: Roofing (CSI 07000)

*NOTE: This section supersedes Means 0.10 category and includes FIS 700 Series Asset Codes.

Rev. 05/93 i-l 1



DOE CAS Manual

Volume 2: 0.02 Substructure

INTRODUCTION

DEFICIENCY STANDARDS & INSPECTION METHODS MANUAL

B DEVELOPED SEPARATELY FOR EACH SYSTEM

B DEFICIENCY STANDARDS CONTAIN NARRATIVE AND GRAPHICS FOR
DESCRIBING DEFICIENCIES AFFECTING SYSTEM ASSEMBLIES

® INSPECTION METHODS CONTAIN PROCEDURES TO IDENTIFY TYPE,
SEVERITY, AND PERCENT COVERAGE OF EACH COMPONENT OR
SYSTEM DEFICIENCY ILLUSTRATED

CAS MANUAL - VOLUME ONE

AYSTEM 1 . SYSTEMY
FOUNDATION FOUNDATION
DEFICIENCY +

STANDARDS
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INTRODUCTION

WHAT IS CAS? . DOE CAS Manual Format

Using these 12 systems as the basic organizing principal, the DOE CAS Manual will contain Deficiency Standards and
Inspection Methods. It will be divided into 12 volumes corresponding to these established WBS systems. The internal
organization of manuals is outlined below:

SECTION 1. SYSTEM INFORMATION

1.1 Asset Determinant Factor/CAS Repalr Codes/CAS Cost Factors - Discusses the Asset
Determinant Factor (ADF), a decision matrix used to provide a graded approach to inspections
commensurate with the use and relative importance of the asset inspected. Also addresses the CAS repair
codes, and a general overview of cost estimating techniques.

1.2 Guide Sheet Tools & Materials Listing - Contains tools and materials groups used in conjunction
with the inspection methods process for the system outlined in each volume.

1.3 Testing Methods - Contains the specific requirements for testing methods applicable to the systems
1.4 Inspection Frequency - Schedule of CAS inspection frequencies for systems/components.

1.5 Standard System Design Life Tables - Standard design life tables for the system
assemblies/components.

1.6 System Work Breakdown Structure (WBS)- Complete listing of all assemblies/components

1.7 General System/Material Data - General material data relevant to system deficiency problems.
(Optional, not included for all systems.)

SECTION 2 « DEFICIENCY STANDARDS

Each major assembly/component is defined by a brief narrative and accompanying graphic(s) that visually illustrate the
geneial characteristics. Major deficiencies affecting this assembly/component are described, including probable
failure points. A deficiency characteristics profile and graphic illustrations are provided with each deficiency defined.

SECTION 3 - INSPECTION METHODS

This section contains discussions of methods and procedures involved in inspecting each of the WBS systems. Each
system contains an Inspection Method, including a narrative and a System/Component Inspection Guide Sheet Listing
that provides a general overview for each defined major assembly/component type. This information will be developed
for Standard and Non-Standard Inspections and testing methods that would be used in conjunction with Standard or
Non-Standard Inspection Methods. Also included is a simulated example, “walking” the inspector through the data
collection process.

SECTION 4 « REFERENCES

All major reference standards used and/or associated with the system are described, including government, industry,
and DOE references.

APPENDICES
Appendix A Abbreviations - All abbreviated terms contained in the CAS manuals.

Appendix B Glossary - All technical terms directly related to the particular systems discussed will be defined in
this subsection.

Appendix C  Technical Bulletins/Updates/Advisories - This subsection contains technical information
issued by the government and/or private industry that may affect specific data as developed in the
particular volume. DOE guidelines may also be included in this subsection.

Appendix D Revislons Summary - All revisions listed in chronological sequence. The last revision listed will
be the most current modification.

Rev. 05/93 i-13
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INTRODUCTION

STATE-OF-THE-ART TECHNOLOGY STREAMLINES FIELD CONDITION
ASSESSMENT SURVEY PROCESS

HAND-HELD COMPUTER “PROMPT-S” INSPECTOR WITH PRELOADED
SOFTWARE SYSTEM “MENUS”

INSPECT OR SELECTS DEFICIENCIES, SEVERITY, PERCENTAGE
OF COVERAGE, LOCATION, ETC. FROM “MENU” SYSTEM
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WHAT IS CAS? - State-Of-The-Art Technology

At the outset of this introduction, we talked about a “new way” of seeing familiar things. The
traditional methods of facility assessment inspection, using hard copy forms then entering data
either by laptop or into a PC, have given way to a new, exciting technology: The Pen-Based
Computer. This hardware, and the Condition Assessment Information System (CAIS) software
developed to support it, form the heart of the DOE CAS data collection process. Using the CAS
manuals as the basis to develop the inspection process, CAIS software will create pre-stocked
survey “menus”. These will be used to record defined deficiencies in terms of severity and
coverage. With this user-friendly device, inspectors will simply use a pen-like device to record
their observations directly on the prompted inspection screens developed for each system.

The advantages in using this technology for the DOE CAS Program are exceptional. The efficiency
gained by using the hand-held computer technology to prompt the inventory and facility inspection
process will be significant. This eliminates the manhour-intensive and error-prone process of
converting manually developed data into an automated database. This technology system
ensures that all pertinent data is collected, guiding the inspector through each step of the process.
This method will significantly enhance the effectiveness of quality assurance/quality control of the
DOE CAS Program, permitting editing as data is entered, eliminating illogical or erroneous
choices.

In short, the CAS process will be conducted in a carefully structured, “standardized” manner to
ensure that the quality of raw inspection data is consistent throughout all DOE installations.

Rev. 05/93 i-I 5
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CAIS PROGRAM FOR HAND-HELD & PCs SUPPORT
THE CAS PROGRAM

® INSPECTION DATA DOWNLOADED TO PC-BASED CAIS PROGRAM
B DATA ANALYZED, CATEGORIZED, AND SORTED

B REPORTS GENERALIZED, INCLUDING UNIVERSAL AND
SUMMARY VERSIONS

B REPORTS WILL INCLUDE DEFICIENCY DESCRIPTIONS, COSTS
TO REPAIR/REPLACE, AND SCHEDULE

ANALYSIS REPORTS
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WHAT IS CAS? - The CAIS Connection

Asset condition information is uploaded directly to the PC and the CAIS program, eliminating the
laborious hand input of data. If the hand-held is the “eyes and ears” of CAS, then the CAIS
database is the “brain.” In the program, raw data is sorted and analyzed to create CAS reports.
Several key factors are determined during the process:

Deficlencles Affecting Survey Assets:

The inspector describes each deficiency noting its severity and coverage, i.e. how much of the
component or assembly reflects the deficiency. The inspector also codes each component or
assembly as to condition and the urgency and purpose of proposed repair or replacement
actions.

Corrective Repairs:

Based on these recorded deficiencies, corrective actions and their associated repair codes are
defined and processed by the CAIS database.

Project Costs:

Costs to accomplish repairs and replacements are generated by the manipulation of field data in
the CAIS program, which employs several methods including determining cost as a percentage of
total replacement and/or direct entry of costs. (See Section 1, Subsection 1.1 for discussion of
cost development.)

Asset Reports:

Preformatted reports and tables are generated by the CAIS System. Report types include
“universal” reports listing all deficiencies and observations recorded by the Inspector, summary
asset reports, and summary site reports. Data within the CAIS system can also be manipulated
readily to create “custom” reports.

Rev. 05/93 i-1 7
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INTRODUCTION

HOW IS CAS IMPLEMENTED? - Support Roles

While CAS manuals, hardware and the CAIS database are the main building blocks of the CAS
Program, CAS support personnel will form the standing framework.  Your role in the
implementation process is crucial if the CAS system is to succeed. In reviewing this process, three
key support groups are highlighted.

CAS Contractor Support Personnel:

In conjunction with DOE managers and Site Management & Operations (M&O) contractors, CAS
contractor support personnel will work closely with DOE in setting up and conducting the training
program, installing CAIS, and validating CAS through a Quality Assurance (QA) program. This
team of CAS trainers, CAIS programmers, and QA engineers and architects will form, along with
DOE M&O personnel, the strong team required to support the CAS Program as it proceeds.

Manager Support:

No group is more important in implementing CAS than the DOE managers and M&O contractors.
Their in-depth knowledge of the sites and their personnel will help guide and strengthen the entire
CAS system.

CAS Inspectors:

Without highly skilled, knowledgeable inspectors, the CAS Program will not succeed. The integrity
of these inspectors and their expertise will ensure that the base data supporting the entire CAS
process will be an accurate reflection of the condition of the DOE inventory of facilities and assets.

Rev. 05/93 i-1 9
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CAS SUPPORT RESOURCES

B DEFICIENCY STANDARDS AND INSPECTION METHODS MANUALS SERVE
AS THE FOUNDATION OF CAS.
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HOW IS CAS IMPLEMENTED? «~ CAS Support Resources

We have spoken generally of the CAS Process and those resources (manuals, hardware, CAIS
software) required to implement the system. Additionally, the CAS contractor will supply all of the
technical personnel to support, implement, and guide the CAS Program. Among those key
professionals are:

CAS Tralning Instructors:

Professionals with a technical background and well-versed in training methods, will train CAS
inspector candidates. Their mission will be to instruct and guide CAS inspector candidates
through the entire process, supervise field exercises, and provide final testing. Their goal is that all
candidates will be successful participants in the CAS Inspection process.

CAIS Programmers:

A key CAS Program element is the CAIS. Expert programmers will supervise the installation of the
PC-based program and provide guidance and instruction for DOE M&O managers in using the
system.

CAS/CAIS Hotline:

The Contractor will provide support resources in order to field questions from various site
locations. Expert engineers, architects, and computer programmers will answer with written and/or
verbal responses all inquiries originating from the field.

Rev. 05/93 i-21
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P REY ROL
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HOW IS CAS IMPLEMENTED? « The Management Role

The critical role DOE M&O managers will play in the CAS process cannot be overstated. Their
understanding and direct input will guide the construction of the CAS Program. Their chief
responsibilities are:

CAS start-up will include a general briefing by the CAS contractor at designated sites to instruct all
key managers in the process and their responsibilities. DOE M&O management actions include
training site set-up (to hold maximum of 25 students), arrangements for required A/V equipment
(overheads, slide projectors, etc.), and CAS inspector candidate selection (see Guidelines for
Implementation of CAS Certification Training under separate cover).

Setting Up CAIS:

In conjunction with CAIS programmers, DOE M&O managers will be instructed in the function and
various uses of CAIS software. Data input, system operation, report generation with
predetermined report format, and how data can be manipulated to customize reports, will be
examined during this training.

ADF Selection & CAS Schedule:

A vital element of the CAS Program is the development of a CAS “strategy.” DOE M&O managers
will be instructed in the use of the Asset Determinant Factor (ADF) to sort site assets into varied
inspection effort levels, See Section 1, Subsection 1.1 Asset Determinant Factor (ADF), CAS
Repair Codes, and CAS Cost Factors. The ADF will guide the DOE M&O managers in scheduling
the survey and assigning CAS Inspectors to various assets.

Report Analysis:

The process of up-loading CAS field data to the PC-based CAIS program will be demonstrated to
the M&0O CAS managers. Analysis processes will be examined using predetermined, formatted
reports.  Final management project “sorts” and prioritization schemes, and construction of
summary reports for higher authorities, will comprise the basic CAS report development sequence.

Rev. 05/93 i-23
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CAS INSPECTOR CERTIFICATION

m INSPECTOR CANDIDATES ARE TRAINED, TESTED, AND CERTIFIED
USMG THE CAS PROGRAM

CLASSROOM
TRAINING

TESTING CERTIFICATION
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INTRODUCTION

HOW IS CAS IMPLEMENTED? CAS Inspector Certification

While the CAS manuals, hand-held computer, and CAIS software program are the tools of the CAS
system, the CAS Inspector is the system “operator.” The old adage, “The data output is only as
good as the data input,” truly applies to the inspectors’ role in the CAS process. As part of the
effort to assure accurate, consistent results, the CAS Program includes an Inspector training
phase that will “certify” all candidates in the use of the CAS system. It should be noted that it is not
the training course’s intent to train personnel to be inspectors: it is assumed that candidates will
come to the CAS Program with a strong background and past experience in the disciplines they
will inspect (see Guidelines for Implementation of CAS Certification Training (GICT) under separate
cover for detailed information). Key phases of the course include:

Prequalification:

Based on experience levels set by GICT, candidates are selected by the M&O contractors and
sent to the CAS training program.

Classroom Tralning:

Classroom instruction will be conducted at the sites selected by DOE. Course materials, based on
the Deficiency Standards and Inspection Methods sections in the manuals, will clearly demonstrate
the nature of the CAS system and how it is to be used. Hand-held computers will be used during
the course. At course conclusion, these units will be turned over to the inspectors for use in the
CAS Program and become the property of the site that the inspectors represent.

Fleld Exercise:

During the training course, a field exercise using the hand-held will be conducted at a
predetermined test asset. This survey and its results will be an integral part of the inspection
education program.

Certification Test:

At the completion of the CAS training, each candidate is required to take and pass a written
examination based on the material covered in the class. It is the goal of the training team to pass
100% of the candidates. Those having difficulty will receive additional instructor attention during
the class as required. After passing this examination, candidates will be fully certified CAS
Inspectors.

Rev. 05/93 i-25
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THE SURVEY PROCESS

m CERTIFIED CAS INSPECTORS FOR EACH MAJOR DISCIPLINE ARE
ASSIGNED FACILITY ASSETS TO INSPECT

@ PRE-LOADED SURVEY ROUTINES FOR EACH SYSTEM ARE PROVIDED
THROUGH HAND-HELD COMPUTER CAS SOFTWARE PROGRAM

PRELOADED “MENU" DATA SURVEY FACILITIES

ASSIGN INSPECTORS
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INTRODUCTION

HOW IS CAS IMPLEMENTED? - The Survey Process

At the completion of CAS training and upon the M&0O managers’ ADF asset selection and
development of survey schedules, certified CAS inspectors will be assigned assets to inspect.
This step initiates the CAS process, which will involve several major phases.

start-up:

The objective during start-up is to prepare a profile information file for the asset being surveyed
and to verify preloaded information (RPIS data, name, and address, etc.). Such a review might
include part and/or all of the material listed below:

As-built and/or construction documents

Square footage, type of construction, and age of each building
Existing studies, surveys, and reports; and

Existing repair, alteration, or construction projects

Conduct CAS Inspection/Evaluation:

With the benefit of the information contained in the asset file, the CAS Inspector will perform a
thorough evaluation of the WBS systems required for each of the assigned assets. The inspector
will initially review the asset file to note particular problems. With this accomplished, the CAS
Inspector will methodically survey each of his assets and record deficiencies (in terms of severity
and coverage) and other observations on the preprogrammed hand-held computer. He
accomplishes this data recording through “menu” screens contained in the CAS hand-held
computer software, which will guide the CAS Inspector through the process (see Section 3 for full
detailed information outlining step-by-step the CAS inspection process).

CAS Report Generated by CAIS:

After completing the CAS Inspection, information is uploaded to the PC-based CAIS system.
“Universal” reports showing all asset deficiencies, observations, associated cost, scheduling
priorities, and repair purposes will be produced. As part of the QA, the Inspector will review this
information with the manager to ensure that all aspects of the inspection asset information are
correct.
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HOW IS CAS IMPLEMENTED? -Report Development

With the completion of the CAS Inspector’s survey, data uploaded into the PC-based CAIS
program is analyzed to provide the survey reports. The primary preformatted reports include:

“Universal” Report:

This document contains all the information recorded concerning deficiencies found in the WBS
systems surveyed in each asset. The report lists all deficiencies and observations system by
system. The summary section provides the cost of repairing surveyed asset deficiencies and
repair codes showing condition, purpose, and urgency. Costs are calculated in CAIS based on
deficiencies noted. Inspectors can also directly input repair costs either as a percentage of
replacement costs or as an absolute dollar value.

Asset Summary Report:

This report contains summary asset deficiency data at the WBS system level only. The report lists
deficiency/corrective repair action by codes (see Subsection 1.1 for more information). All assets
surveyed by the Inspector will be listed here. Manager input to these reports includes resorting the
priority list (including additions and/or deletions) and recommendations.

Site Asset Summary Report:

After all inspector surveys have been processed, analyzed, and final recommendations input by
the manager, this preliminary site-wide report lists all assets included and preliminary manager
sorts (Asset Summary Report). Manager input includes selecting of final projects recommended
for the budget cycle, including cost and priority schedules.

Site Summary Report:

This report, issued to DOE Headquarters, contains a site project summary and synopsis of back-
up data. This report will serve as the basis for establishing the site maintenance and repair
backlog which in turn supports funding recommendations to OMB and Congress,

OTHER REPORTS

QA Report:

As part of the QA process, the contractor QA team will randomly select assets inspected by site
CAS Inspectors. Results will be analyzed to determine both accuracy and content of the CAS
Program to ensure the validity of CAS procedures,

Custom Reports:

Data within the CAS/CAIS database can be manipulated to create various reports. Examples
might include a report showing all site roofs, cost magnitude, and/or by building type.
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STANDARD APPROACH TO CONDITION ASSESSMENT
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¢ MORE CREDIBLE DOE BUDGET SUBMISSIONS
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THE CAS SYSTEM: . A Summary

In summary, the CAS System has been designed to support the vital process of creating a facility
condition baseline that is founded on recognized, fully defined Standards. This established
baseline will determine the direction and cost of future assets required to define the DOE’s
changing mission against a background of government fiscal constraint. As you have seen, your
role in this overall program is vital if the CAS framework is to be created and supported. The CAS
System is your tool for constructing the essential, realistic requirements needed to obtain
budgetary funding. Obtaining these funds is the final measure of whether a site program will move
forward or be eliminated.

We began this introduction by promising you a “new way” of seeing familiar things, The CAS
Program’s combination of state-of-the-art technology and the DOE M&OQ's talented professionals
will be the essential mix to successfully initiate and sustain the CAS process.
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ASSET DETERMINANT FACTOR/CAS REPAIR CODES/CAS COST FACTORS

GENERAL

The CAS Program is built on the physical analysis of each asset through the inspection of the
major systems as defined by the WBS. System-specific deficiencies (as defined for each
assembly/component in the Deficiency Standards section of this Manual) and the extent of their
severity “bracket” the general asset conditions as of the inspection date.  Recording actual
deficiencies, however, is only part of the process. The CAS process also documents the urgency
and purpose of repairs or replacements as well as the overall condition of the
assembly/component surveyed.

The following elements are important parts of the CAS process and will be discussed in detail in
this subsection:

o ASSET DETERMINANT FACTOR (ADF): Discusses various possible levels of CAS inspections,
and the manager’s role in determining the type survey appropriate for each asset.

« CAS REPAIR CODES: Describes categories used by the inspector to document the urgency
and purpose of repairs and replacements, and the general condition of the assembly/-
component.

o« CAS COST FACTORS: The general overview of CAS cost development and the factors used to
build project costs are outlined in this section.

CAIS Interface:

As outlined in the Introduction “A CAS Program Overview,” the Condition Assessment Information
System (CAIS) is a key element, CAIS software will provide critical data analyses required to
process CAS raw field data, including repair codes and costing factors for recorded facility asset
conditions, The CAS Manuals, the hand-held data collection device and software, and the CAIS
Program together form the foundation of the CAS process.

In DOE'’s vast inventory, asset conditions vary widely in terms of age and use, new or renovated
facilities are mixed with assets built during the 1940s and 1950s. It is therefore recognized that not
all assets at a given site require the full CAS inspection. The ADF has been developed as a tool
that provides site facility managers with a means to categorize each site asset by identifying the
type of survey to conduct,

CAS Survev Levels;

For the purposes of allowing flexible CAS Program implementation, three broad categories of
asset inspections are defined:

o CAS - Base Level: Assessment is primarily a visual inspection (augmented in some instances
by simple testing; eg., light level measured by light meter) recorded at the assembly level of the
Work Breakdown Structure (WBS). Deficiencies typical to each assembly are recorded in
terms of severity and coverage.

« CAS - Component Level: Provides more extensive inspection information based on
conducting the assessment at a component level. Components are defined as major parts of
an assembly.

« CAS - Limited: Survey not requiring assessments of all systems for a given asset.
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ASSET DETERMINANT FACTOR (ADF)

Ten key categories to be used as ADF guidelines are illustrated below. These classifications are
sensitive to key DOE criteria, including short-term and mothballed facilities.

ADF# Guidance Description Systems
| Existing asset (>3 years), | Full CAS Inspection (base CAS - ALL
program projected to last 5 years | assembly level or  optional
component level)!
2 Existing temporary asset (>3 | Limited CAS Inspection (base CAS ALL
years) program projected to last | - assembly level only)
< 5 vears
3 Asset decommissioned - “warm | ARCH(ext), MECH & ELEC (base | 0.04, 0.05,
mothball” (maintained for future | CAS - assembly level or optional 0.08, 0.09
unidentified function) component level)’
4 Asset decommissioned - “cold | Exterior envelope (base CAS -| 0.04, 0.05
mothball” (to be removed, | assembly level only)
dismantled, destroyed at some
future date)
5 Asset ROOF inspection only ROOF inspection (base CAS - 0.05
assembly level or optional
component level)!
6 Asset ARCHITECTURAL only ARCH/STRUCTURAL inspection | 0.01) 0.02,
(base CAS - assembly level or 0.03, 0.04,
optional component level)? 0.05, 0.06,
and 0.11
7 Asset MECHANICAL only MECHANICAL inspection (base| 0.07, 0.08
CAS - assembly level or optional
component level including
incidental electrical)’
8 Asset ELECTRICAL only ELECTRICAL inspection (base CAS 0.09
- assembly level or optional
component level)’
9 Asset SITE inspection only SITE inspection (base CAS - 0.12
assembly or optional component
level) !
10 As developed by each, site As constructed by site? As Reauired

GENERAL NOTES:

1. Survey may combine levels (eg., ADF #1, Systems 0.01-0.06, 0.11, and 0.12 Assembly level survey; 0.07, 0.08,
and 0.09 Component level survey.)

2. Other surveys may be structured on an as-required by sites.

3. ADF values are guidelines only and systems may be added to base ADF values as required.
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CAS REPAIR CODES
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Refer to the following page for definitions of the three (3) major CAS Repair Codes.
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CAS REPAIR CODES

One of the key aspects of the assessment process, once significant deficiencies are recorded, is
determining the repair category. CAS defines three major repair codes: condition, purpose, and
urgency. Condition is derived both by the CAIS algorithm based on raw deficiency data and by the
inspector's subjective judgment. Purpose and urgency are each selected by the inspector.
Definitions for each major code are listed as follows:

(CAS Repair Codes are guldelines only. Codes may vary as required by sites.)

CONDITION
CODE DEFINITION

A Excellent: Performs to original specifications as measured using non-standard tests; easily
restorable to “like new” condition; only minimal routine maintenance required at cost <2% of
replacement value.

B Good: Performs to original specifications as measured using historical data and non-
standard tests; routine maintenance or minor repair required at cost <5% of replacement
value.

C Adequate: Performance meets requirements; some corrective repair and/or preventive
maintenance required at cost <10% of replacement value.

D Falr: Performance fails to meet code or functional requirement in some cases; failure(s) are

inconvenient; extensive corrective maintenance and repair required at cost <25% of
replacement value.

E Poor: Consistent substandard performance; failures are disruptive and costly; fails most
code and functional requirements; requires constant attention, renovation, or replacement.
Major corrective repair or overhaul required at cost <60% of replacement value.

F Fall: Non-operational or significantly substandard performance. Replacement required
because repair cost is >60% of replacement cost.

PURPOSE
CODE* DEFINITION
P2 PRG: Capacity
H2 H&S: Industrial Safety
E2 ENV: Solid Waste Management
S$4 S&S: Security
* Partial list based on CAMP Order DOE 4330.4A dated 10-1 7-90.
URGENCY
CODE DEFINITION
1 Repair Immediately: Asset condition critical; initiate corrective action immediately.
2 Repair within 1 Year: Asset condition serious; initiate corrective action within 1 year.
3 Repair in 1 to 2 Years: Asset condition degraded; initiate repair in 1 - 2 years.
4 Repair in 3 to 5 Years: Asset stable for period; integrate repairs into appropriate schedules.
5 No Repairs Necessary: Continue life cycle maintenance actions.
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The following illustrates the cost development process for the Department

of Energy CAS/CAIS Project and the various processes involved.

COST DEVELOPMENT PROCESS
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END OF SUBSECTION
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SAFETY REQUIREMENTS

Inspections shall comply with all Federal, State, and Local regulations and all applicable safety
and health regulations or requirements (including reporting requirements) of DOE.

TOOLS

This subsection contains tool and material listings for use in standard and non-standard
inspection for 0.02 Substructure inspections in addition to the Basic Tool Group outlined below.

Accomplishing the activities identified in the inspection guides requires tools: basic, craft
(standard), and specialized (non-standard). Specialized tools included in the non-standard tool
group consist of special instruments as well as unique tools and are identified in the guides.

All crafts involved in substructure inspections employ a standard or basic tool set, which may vary
somewhat between equally qualified personnel. However, the following is a representative set of
common basic tools.

BASIC TOOL GROUP

e Standard & Phillips head screw drivers - . Extension cord & inspection lights
various sizes . Rags

e 50 measuring tape . Ball peen hammer
Pocket knife . Claw hammer
Flashlight . Small crowbar

STANDARD TOOL GROUP

Pliers-vise grip (2), slipjoint, needlenose, diagonal, cutting pliers, side cutters
Pipe wrenches to 14"

Small and large level, and square

Wire brush and stiff bristle brush

Various cleaning tools - brushes, scrapers, etc.

NON-STANDARD TOOL GROUP

e Infrared measuring device (optional)
e Borescope or fiberscope
e Ultrasonic measuring device (optional)

The basic tool set must be augmented to accomplish inspection actions on a specific item of
equipment or assembly. The guide sheets identify this augmentation. Test methods for
Substructure systems are defined in Subsection 1.3.

NOTE: Itis not the intent of this manual to have sites perform non-standard tests. These guidelines may be used in
the event standard Inspection 1s not sufficient to determine system condition. Such non-standard inspections
will be provided by others (e g consultants, outside labs)
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TESTING METHODS

GENERAL

During the course of the Condition Assessment Survey, various tests will be employed to better
ascertain the condition of the assets, These are Indicated on the Component Specific Guide
Sheets included in Section 2 of this Manual. Testing will not be required on all assets.

The critical nature of concrete and its overall condition cannot be understated. Concrete
compressive strength is vital to maintain structural Integrity. Where direct foundation
characteristics can be observed, surface deficiencies such as cracks, spalling, and exposed
reinforcing indicate hidden problems. In this case, underlying deterioration can be determined by
further test measures. Testing concrete in-situ seeks to gauge current conditions including
reinforcement position and size, poor consolidation areas, voids, cracks, honey-combing, and
moisture content, will quantify current strength, durability, and elastic parameters as they exist in
view of observed physical deficiencies.

Testing methods do not specify the following:

Expertise of user (to use the instrument or interpret results).
The advantage of one testing method versus another.

. The limitations of the testing method.

o  Whether the user must be trained and licensed to operate (such as the Nuclear Moisture
Meter Test, which requires licensing).

Variability

Estimating in-situ concrete strength using the following test methods may provide site readings
that vary from lab test calibrations between 2 to 10%. Pulse velocity tests are the most accurate
with a site and lab calibration difference of approximately 2%. Other methods will generally range
from 6 to 10% between site and lab conditions.

Standard vs. Non-Standard

Inspection Methods are classified as Standard versus Non-Standard based on techniques
employed.

Standard Methods are generally quick, visual, hands-off walk-throughs that do not require a
component to be taken out of service. Few tests are required in the associated Guide Sheets.
Where tests are indicated, they are non-invasive. An example is Stress Monitor Analysis.

Non-Standard Methods are generally those that require specialized equipment and analysis as
well as destructive testing. Examples include Infrared, Nuclear Analysis, Core Sampling, Ultrasonic
Pulse Velocity Testing and Surface Hardness Testing.

Some of the tests could be conducted as part of either type inspection. For discussion purposes,
they will be classified according to their specialized equipment and analysis; i.e., if a test can be
conducted without specialized services, it will be listed under Standard Test Methods.

STANDARD TEST METHODS
Stress Monitor Analysis
STANDARD TEST DESCRIPTION

Stress Monitor Analysis

Stress analysis consists of documenting the location, pattern, depth, width, and presence of
foreign materials, and elevation differences between two cracked concrete or masonry masses
and other horizontal or vertical surfaces. Determine if crack is active or dormant using the
following steps:
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STANDARD TEST DESCRIPTION (Continued)

Stress Monitor Analysis

« Mark the end of the crack and check after a few days to see if it has extended past the mark,
Note direction.

« Place a notched piece of tape across the crack. Wait for a period of a month or more. If tape
tears or compresses (wrinkles) the crack is active and if the tape shows no apparent change it
is dormant.

« Drill gauge points and install pins on either side of the crack. Measure the distance between
points at regular intervals with vernier calipers to determine the extent of movement.

NON-STANDARD TEST METHODS

e« Acoustic Emission Testing . Microwave Absorption Scanning
e Core Sampling . Nuclear Analysis

e  Electrical Resistivity Testing . Radiography (X-Ray Testing)

e Infrared Testing . Surface Hardness Testing

¢  Magnetic Testing . Ultrasonic Pulse Velocity Testing
e  Maturity Concept Analysis

NON-STANDARD TEST DESCRIPTION

Acoustic Emission Testing

Acoustic Emission testing measures the acoustic or stress emissions from cracks or surfaces
under strain. The stresses are detected as small displacements by sensors positioned on the
surface. This type of testing has been used in recent years, although its major drawback is that it
can only be used during periods of high stress and deformations and does not work for static
loading conditions.

Core Sampling

Core sampling involves taking core samples at various controlled sections to ascertain the
condition or strength of the material by laboratory mechanical/chemical analysis. Sample holes
must be patched immediately.

Electrical Resistivity Testing

Electrical resistivity testing involves passing electrical currents through the material to determine the
resistance offered; it is used to determine reinforcement corrosion and thickness of concrete
pavements. This method may also determine the moisture content or penetration of concrete
surfaces. Even though this is relatively simple, it is highly dependent on moisture and salt content
and the temperature of the material.

Infrared Testing

Infrared Testing measures heat loss or gain. Areas of the substructure system that absorb water
will not insulate. Heat is lost more rapidly through these areas, and higher temperatures are
detected with an infrared scanner. Cracks, voids, and other discontinuities in the surface all affect
heat emissions, so scanners can show the difference between sound and unsound surfaces.
Infrared testing is done by scanning the surface with a hand-held instrument. This method
requires further research and development.

Source: School and College - “A Systematic Approach to Roofing.” October 1989, Mary E. Skelly, Author.
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NON-STANDARD TEST DESCRIPTION (Continued)

Magnetic Testing

Magnetic testing involves scanning concrete surfaces with a U-shaped magnetic core with two
coils. An alternating current is passed through one coil and the current measured in the second.
This test is used to determine reinforcement depth and position in concrete. It should be noted,
however, that temperatures below freezing and heavily reinforced sections adversely affect the
performance and results.

Maturity Concept Analysis

The maturity concept used in measuring in-situ concrete is based on the fact that concrete
strength varies as a function of both time and temperature. These conditions are measured by
thermocouples and/or instruments.

Microwave Absorption Scanning

Microwaves are electromagnetic in nature, and can be reflected, diffracted, and absorbed.
Absorption by water can determine moisture content of the material. This is relatively new and
unproven, while the technique based on electromagnetic wave reflection has been used
successfully. This method is fast and easy to perform, although planning and skill are required to
interpret and evaluate the results.

Nuclear Analysis

Nuclear analysis is accomplished using a mechanism that scatters neutrons on the substructure
system surface. Where water is present, radiation or neutron energy is taken back into the unit.
The surface is squared off in a grid pattern and readings are taken from various points. Another
method (relatively new and underdeveloped) involves bombarding the concrete surface with
neutrons, which causes the surface materials to become radioactive. A comparative analysis is
performed as the radioisotopes decay to a stable state.

Radiography (X-Ray) Testing

Radiography testing involves passing radiation in the form of X-rays through an object to expose
photographic film on the opposite side to detect cracking, voids, or position of reinforcing. It is
seldom used for these building systems due to the cost and dangerous equipment required.
Testing with gamma rays, on the other hand, is relatively portable and easier to use. The only
limiting factors appear to be high cost and safety concerns.

Surface Hardness Testing

This test consists of impacting the concrete or masonry surface using standard instruments with a
given energy pulse to measure the size of rebound. A rebound hammer is most commonly used.
Problems and limitations of this test are affected by concrete surface smoothness, carbonation,
and moisture condition as well as size, age, and aggregate type.

Ultrasonic Pulse Velocity Testing

Ultrasonic testing is done by passing ultra-high frequency sound waves through a material. An
oscilloscope, chart recorder, or computer printout then records or displays the sound waves
converted into electrical signals deflected off the rear surfaces and any defects within the material.

Source: School and College - “A Systematic Approach to Roofing.” October 1989, Mary E. Skelly, Author.

Rev. 05/93 133



Volume 2: 0.02 Substructure

DOE CAS Manual
O
TESTING METHODS

NON-STANDARD TEST DESCRIPTION

Ultrasonic Pulse Velocity Testing (Contmued)

The basic concept used in the Ultrasonic Pulse Velocity Test consists of generating an ultrasonic
wave through the concrete or masonry and measuring the travel time. This technique is excellent
for establishing concrete or masonry uniformity and strength. It should be noted, however, that
concrete conditions such as age, moisture, aggregate to cement ratio, aggregate type, and steel
reinforcement location may adversely influence test results.

END OF SUBSECTION
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CAS INSPECTION SCHEDULE

The following constitutes recommended inspection frequencies for the listed assemblies and
components. The purpose of these inspections is to support the Condition Assessment Survey
(CAS) and are not necessarily for maintenance purposes. Each site has the option of varying the
inspection frequencies to meet individual site requirements.

The recommended Base CAS inspection frequencies are listed below in Table One for the system
described in this manual. The base CAS constitutes standard inspections only and utilizes the
standard guide sheets as a reference. All Non-Standard inspections are optional for Substructure
System Assemblies and Components.

TABLE ONE
Assembly/Component Year One Year Two Year Three Year Five
Slabs-on-Grade S

Columns
CIP Columns

Loaded Precast Columns

Steel Columns

nlnlmnlin

Wood Columns

Column Fireproofing S

S - STANDARD INSPECTIONS — NS - NON-STANDARD INSPECTIONS

NOTES: 1. Severe weather or facility operational conditions may require additional inspections.
2. Non-Standard inspections will be provided on an as-required basis unless noted otherwise
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STANDARD SYSTEM DESIGN LIFE TABLES

GENERAL

The Standard (nominal) Design Life of a given System Assembly/Component is defined as the
projected service design life measured from the date of installation to the date of replacement.
These time periods are based on manufacturers’ product specifications and tests which determine
the average “outside” time parameter a given System Assembly/Component will last. The Standard
Design Life Tables which follow lists design life and replacement cost parameters for WBS. TABLE
ONE below illustrates key column headings.

TABLE ONE
Replacement Percent
ITEM DESCRIPTION Life, Years* Replaced
Note 1: Used to document the
replacement life* of

significant WBS System
Assembly/Components.

Note 2: Used to estimate percent of WBS
System Assembly/Component
cost replaced at the year spec-
ified (measured from installation
date to end date specified by the
replacement life period*).

*Note  The term Replacement Life 1s synonymous with Design Life
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TABLE TWO
Replacement Percent
ITEM DESCRIPTION Life, Years* Replaced
0.02 SUBSTRUCTURE
SLABS-ON-GRADE
Standard 4” slab on grade floor 50 100
Standard 5" slab on grade floor 50 100
Structural 4” slab on grade floor 50 100
Structural 5” slab on arade floor 50 100
Concrete steps on grade 60 100
COLUMNS
Wood columns, treated 50 100
Wood columns, untreated 30 100
Precast concrete columns 75 100
Prestressed concrete columns 75 100
Cast-in-place concrete columns 75 100
Steel pipe columns, concrete-filled 75 100
Steel pipe columns, nonfilled 75 100
Steel "H" columns 75 100

END OF SUBSECTION
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SYSTEM WORK BREAKDOWN STRUCTURE

GENERAL

Facilities are composed of various assemblies/components which, in turn, form the primary facility
systems. These systems, such as foundations, roofs, heating and cooling units, and electrical
distribution, have varying life spans. They require maintenance, repair, and renovation over a
period of time and do not all “fail” at the same time. Systems have varying life spans. Their
condition may be influenced by the deterioration of other assembly/component parts within the
systems.

To consider each facility and their major systems, the CAS Program uses the Work Breakdown
Structure (WBS) based on the R.S. Means square foot costing system. This industry accepted
standard, allows a logical “breakdown” of facilities into their major systems, assemblies,
components, etc. The WBS is a heirarchical structure and this concept is illustrated in Figure 1.
The development of project costs are then applied within this framework as shown in Figure 2.

The Work Breakdown Structure for this volume follows.
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0.02 SYSTEM. SUBSTRUCTURE

0.02.01 SLABS-ON-GRADE
0.02.02 COLUMNS

0.02.02.01 Cast-in-Place Concrete
0.02.02.02 Loaded Precast Concrete
0.02.02.03 Steel

0.02.02.04 Wood

0.Q2.03 COLUMN FIREPROOFING
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END OF SUBSECTION
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GENERAL SYSTEM/MATERIAL DATA

INTRODUCTION

With the increasing cost of the new construction and equipment, it is becoming more of a
necessity to ensure that existing buildings and systems are maintained at regular intervals and
repairs are made to last over the long term. This section consists of several tables including
Concrete Deterioration, Deterioration of Structural Steel, Imperfections in Wood, Causes of Timber
Deterioration, Preservations, and Effects of Chemicals on Concrete.

The purpose of this section is to give a general description of damages, diagnosis, and causes of
deterioration of building materials such as concrete, structural steel, and wood. This is orientated
toward locating defects and potential material failure problems prior to major damage or complete
system/component failure. Recognizing Substructure defects and their effects on the building and
its occupants and contents are stressed. Special attention should be given to the causes and
correction/repair of common defects.
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GENERAL SYSTEM/MATERIAL DATA

COMMON CAUSES OF CONCRETE DETERIORATION
(Similar for Pro-Cast Concrete)

Damaae Diagnosis Caure

Alkali-Aggregate Slight cracking to complete breakup. Chemical reaction between aggregate and
Expansion cement paste.

Cavitation Spalling around projections. Honey-combing. | Rapid movement of water or other liquids

Popping and cracking noises when water
moves over the surface.

across the surface.

Cracks (Active and
Dormant)

Before hardening
of the concrete:

After hardening
of the concrete:

Random, isolated or patterned cracks.

Patterned cracking, protruding aggregate,
popouts. Chemical analysis indicates deter-
ioration of cement paste.

Surface cracking, patterned.
Extreme change in measured temperatures

between inner and outer surfaces. Shallow
cracking.

Localized cracking
Cracks, usually isolated

Cracks can be isolated or patterned depend-
ing on crack-producing agent.

Construction movement, settlement, shrinkage
around reinforcement. Setting shrinkage due
to inadequate finishing and curing.

Chemical reactions, such as corrosion.

Physical, such as drying shrinkage

Thermal changes (subjected to temperature
extremes, such as from freezing and thawing
cycles).

Stress concentration.
Structural design.

Accidents from overload, vibration, fatigue and
earthquake.

Corrosion of
Reinforcing Steel

Cracks will occur at the level of the
reinforcement and parallel to it. Rusting or
discoloration will be evident.

Insufficient cover of steel. Quality of concrete.
Over-use of calcium chloride as admixture.

Crazing Shallow cracks forming a hexagonal pattern, Surface shrinkage more rapid than interior of
concrete to the surface and depositing salts.
Dusting Appearance of a powdery substance on the | Too wet of a concrete mixture. Premature or
surface of the concrete. excessive working of the surface. Organic
materials in the aggregate. Inadequate curing.
Efflorescence Appearance of crystalline salts on the concrete | Water migrating from the interior mass of the
surface. concrete to the surface and depositing salts.
Fire Charred and spalled surfaces. Fire.

Form Scabbing

Difficult to remove forms. Uneven, spalled
areas

Form oil improperly applied.

Holes (Small and
Large)

Popouts, holes, random pattern or isolated in
extreme.

Chemical reaction.

and design,

Inadequate construction

Honeycombing

Surface defects-voids. Coarse aggregate
broken away from the surface.

Placing concrete aggregate with insufficient
type of mortar. Improper placing techniques,
such as inadequate vibration.

Source: Means Facilities Maintenance Standards - *R.$. Means Co., Inc., Kingston, Massachusetts’
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COMMON CAUSES OF CONCRETE DETERIORATION
(Similar for Pre-Cast Concrete)

Damage

Diagnosis

Cause

Popouts

Breaking away of a particle near the surface.

Excessive amount of moisture or temperature
changes in the region.

Depressions left by material popping out.

Presence of disintegrated material near the
popout.

Sand Streaking

Vertical streaks of sand which appear on the
surface, most noticeable when forms are
immediately stripped.

Concrete mixed with a high water content or a
deficiency of finer sand sizes are placed in a
formwork that is not water-tight.

Scaling Flaking or peeling away of thin layers of | Severe freeze/thaw conditions. Improper use
concrete. of deicing salts. Repeated wetting and drying
of concrete. Improper finishing. Chemical
attack of concrete. Heat blast.
Spalling Fragments of concrete that have been brokgn Corrosion of reinforcement. Mechanical
from the surface. Corrosion of reinforcement. damage. Incorrect form removal. Shock-
waves

Stain and Uneven

Discoloration or lacking uniformity in

Chemical action of foreign materials on the

Color appearance. surface. Mixing of different types of cement
with each other. Reaction of materials
comprising the concrete mixture.

A SUMMARY OF THE TYPES & CAUSES OF DETERIORATION OF STRUCTURAL STEEL

Type of

Deterioration Cause

Abrasion Members subjected to contact with moving parts.

Members subjected to wave action.
Members immersed in a moving liquid.
Worn, smooth appearance, general depression of the abraded area.

Corrosion Resulting from a chemical or electro-chemical reaction which converts the metal into an oxide,

carbonate and sulfides.
Pitted, oxidized surface showing loose flakes, reddish-brown rust colored appearance.
Fatigue Repetitive, cyclic loading occurring at stresses at or below allowable design values.
Small fractures oriented perpendicular to the line of stress.
Impact Local distortion of the member in the form of a sharp crimp. Will occur in a tension member of

flange.

Lamellar Tearing

Minute, often times unseen cracking in the weldment. May need microscopic instruments to

observe.

Incorrect welding process.

Loosening of
Connections

Impact and fatigue loading.

Vibrations and improper tightness.

Source: Means Facllities Maintenance Standards » "R.8. Means Co., Inc.. Kingston, Massachusetts’
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COMMON IMPERFECTIONS IN WOOD

Imperfection Description

Effect on Grading
Effects on Strength Structural Lumber

Checks and Splits | Split in the wood.

In lumber subjected to bending, | Checks and splits are restricted in
checks and splits reduce the | those parts of a bending member
resistance to shear; they do not | where shearing stresses are highest.
affect the strength for longitudinal
compression.

Holes Either a knothole or a
hole caused by some
other means.

Reduces tensile strength some- | The size, number and location of
what more than compressive and | knots is restricted for structural
shear  strength and  affect | lumber, cluster knots are prohibited.

stiffness.

Knots Localized Same as for holes Same as for holes.
imperfections.
Pitch Pockets Opening between | Little or no effect Usually disregarded except if a large

growth rings con-
taining pitch or bark.

number occur; shake may be present
or bond between annual growth rings
mav be weakened.

Shakes A separation of the
wood between the
annual growth rings.

Same as for checks and splits. Same as for checks and splits

Slope of Grain Areas where the dir-
ection of the wood
grain is not parallel to
the edges of the
piece of lumber.

Will  twist with changes in | Cross-grained pieces are undesir-
moisture content. able; reduction of strength due to
cross grain in structure is taken as
twice the reduction observed in tests
of small clear specimens.

Wane Bark or lack of wood
on the edge or corner
of the piece of
lumber.

Affects nailing and bearing. Limited in structural lumber require
ments for fabrication, bearing, nail-
ing and appearance and not for effect
on strength.

SUMMARY OF CAUSES

OF TIMBER DETERIORATION WITH SYMPTOMS

Cause of Deterioration

Symptoms

Carpenter Ants, Beetles & Carpenter Bees

Similar to termites.

Termites

Bore holes; lacing/cavitation of wood; connecter tunnels from grade to
wood source (usually mud). Premature wood bowing and failure.

Decay (Rot) Due to Fungi

Softening and discoloration of wood, fluffy or cottony appearance,
destruction of wood cells, appearance of fruity bodies in the form of
mushrooms, incrustations in the advanced stage.

Excessive Splitting and Checking

Excessive relative amount of members at a joint, bowing of compression
members (shown by broken paint lines or newly exposed wood),
elongated bolt holes.

Fire Damage

Surface cellular damage, charred surfaces, easily probed with a knife.

Hardware

Loose connections, formation of rust on hardware surfaces, discoloration
of wood adjacent to hardware.

Loosened Connections

Loose connections, excessive deflection

Marine Borers

Minute openings in the timber, hollow sound when struck with a hammer,
a myriad of surface grooves, narrowing of a section giving it an hourglass
appearance.

Source: Means Facllities Yalntenance Standards - "R.8. Means Co., Inc., Kingston, Massachusetts”
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PRESERVATIVES -ADVANTAGES & DISADVANTAGES
Oil-Based \Vood Preservatives

Type of Preservative

Advantages

Disadvantages

Anthracene Oils

High toxicity to wood-destroying
organisms; insoluble in water; low vola-
tility; ease of application; permanence.

Dark brown color, cannot be painted;
strong, unpleasant odor; easily ignited
when first applied.

Coal-Tar Creosotes

See Anthracene Oils.

See Anthracene Oils.

Copper Naphthenate

High protection against decay fungi and
termites; can be painted; not unpleasan
odor; less easily ignited than coal-tar H
creosotes.

Gives wood greenish or dark color and
provides less protection against marine
orers than creosote.

Creosotes Derived From
Wood, Oil and Water Gas

Same as Anthracene Oils and Coal-Tar
Creosotes.

About the same as Anthracene Oils and
Coal-Tar creosotes, but less effective.

Creosote Solutions

See Anthracene Oils and Coal-Tar Ab
Creosotes.

but the same as Anthracene Oils and
Coal-Tar creosotes, but less effective.

Water-Repellent
Preservatives

Retards moisture changes in wood; good
protection against decay and insects.

Cannot be used in contact with ground or
areas where continual dampness can
occur unless preservative is thoroughly
applied.

Water-Based \Wood Preservatives

Acid Copper Chromate

Provides protection against decay and
insects; can be painted; no objectionable
odor; if thoroughly impregnated has some
resistance to marine borers.

Wood can be used in contact with ground,
but generally not recommended for
contact with water.

Ammonical Copper Arsenite

Good protection against decay and insects
and some protection against marine
borers.

Wood can be used in contact with ground,
but generally not recommended for
contact with water.

Chromated Zinc Chloride

Provides protection against decay, insects
and fire; can be painted; no objectionable
odor.

Wood cannot be used in contact with
ground or water.

Chromated Zinc Chloride
(FR)

See Chromated Zinc Chloride.

See Chromated Zinc Chloride.

Copperized Chromated Zinc
Chloride

See Chromated Zinc Chloride.

See Chromated Zinc Chloride.

Tanalith (Wolman Salts)

Protects against decay and insects; can
painted; no objectionable odor.

be Wood cannot be used in contact with

ground or water.

Zinc Meta Arsenite

Good protection against decay and Wod
insects; can be painted; no objectionable
odor.

d can be used in contact with ground,
but generally not recommended for
contact with water.

Source: Morns Facilities Maintenance Standards. "R.S. Means Co., Inc.. Kingston, Massachusetts"
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Acetlc Acid, ail
Concentrations

Acetone

Acid Waters

Aluminum
Chiorido

Ammonia Vapors

Ammonium
Bisulfate

Ammonium
Carbonate

Ammonium
Cyanide

Ammonium
Fluoride

Ammonium
Nitrate

Ammonium
Oxalate

Ammonium
Sulfide

Ammonium
Sulfite

Ammonium
Superphosphate

Ammonium
Thiosulfate

Ashes

Ashes, hot

Automobiio and
Diesel Exhaust
Gases (d)

Benzol (Benzene)
Bromine

Butyi Stearate

Disintegrates slowly.

Liquid loss by penetration. May
contain acetic acid as impurity

(pH of 6.5 or less)

(a) Disintegrates slowly. In
porous or cracked concrete,
attacks steel.

Disintegrates rapidly. In porous
or cracked concrete, attacks
steel.

May disintegrate moist concrete
slowly or attack steel in porous c
cracked moist concrete.

Disintegrates. In porous or
cracked concrete, attacks steel.

Not harmful.

Disintegrates slowly.

Disintegrates slowly.

Disintegrates. In porous or
cracked concrete, attacks steel.

Not harmful.

Disintegrates.

Disintegrates.

Disintegrates. In porous or
cracked concrete, attacks steel.

Disintegrates.

Harmful if wet, when sulfides anc
sulfates leach out (see sodium
sulfate).

Cause thermal expansion.

May disintegrate moist concrete
by action of carbonic, nitric, or
sulfurous acid.

Liquid loss by penetration.

Gaseous bromine disintegrates.
Liquid bromine disintegrates if it
contains hydrobromic acid and
moisture.

Disintegrates slowly.

Calcium Bisulfite
Chlorine Gas

Chrome Plating

Solutions (e)

Chromic Acid, &
Concentrations

Cinders

Coal

Coal Tar Qils

Cobalt Sulfate
Coke

Copper Chloride
Copper Sulfate
Copper Sulfide
Corrosive
Sublimate
Creosote

Cresoi

Cumol
Deicing Salts

Diesel Gases

Ferric Chloride
Ferric Sulfate

Ferric Sulfide
Ferrous Chloride
Ferrous Sulfate

Disintegrates rapidly.
Slowly disintegrates moist
concrete.

Disintegrates slowly

Attacks steel in porous or
cracked concrete.

Harmful if wet, when sulfides and
sulfates leach out (see, for
example, sodium sulfate)
Sulfides leaching from damp coal
may oxidize to sulfurous or
sulfuric acid, or ferrous sulfate
(see ferrous sulfate).

See anthracene, benzol,
carbazole, chrysen, creosote,
creosol, cumol, paraffin,
phenanthrene, phenol, toluol,
xylol.

Disintegrates concrete of
inadequate sulfate resistance.
Sulfides leaching from damp
coke may oxidize to sulfurous or
sulfuric acid.

Disintegrates slowly.

Disintegrates concrete of
inadequate sulfate resistance.

Harmful if it contains copper
sulfate.

See mercuric chloride.

Phenol present disintegrates
slowly.

Phenol present disintegrates
slowly.

Liquid loss by penetration,

Scaling of non-air-entrained or
insufficiently aged concrete (b).

See automobile and diesel
exhaust gases.

Disintegrates slowly.

Disintegrates concrete of
inadequate quality.

Harmful if it contains ferric sulfate.
Disintegrates slowly.

Disintegrates concrete of
inadequate sulfate resistance.

Rev. 05/83
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Flue Gases

Gas Water (e)

Gasoline

Hydrofluoric Acid,

all Concentrations

Hydrogen Sulfide

Hypochlorous

Acid, 10 percent

lodine

Kerosene

Lead Nitrate

Lead Refining
Solutions (t)

Lignite Oils

Locomotive
Gases

Lubricating Oil

Machine Ol

Magnesium
Nitrate

Manganese
Sulfate

Mercuric Chloride

Mercurous
Chloride

Methyl Alcohol

Methyl Ethyl
Ketone

Methyl Isobutyl
Ketone

Hot gases (400-1 1 00°F) causes
thermal stresses. Cooled,
condensed sulfurous, hydro-
chloric acids disintegrate slowly.

Ammonium salts seldom present
in sufficient quantity to
disintegrate.

Liquid loss by penetration.

Disintegrates rapidly, including
steel.

Not harmful dry. In moist,
oxidizing environments converts
to sulfurous acid and
disintegrates slowly.

Disintegrates slowly.

Disintegrates slowly.

Liquid loss by penetration of
concrete.

Disintegrates slowly.

Disintegrates slowly.

If fatty oils are present,
disintegrates slowly.

May disintegrate moist concrete
by action of carbonic, nitric or
sulfurous acids (see also
automobile and diesel exhaust
gases).

Fatty oils, if present, disintegrate
slowly.

Fatty oils, if present, disintegrate
slowly.

Disintegrates slowly.

Disintegrates concrete of
inadequate sulfate resistance.

Disintegrates slowly.

Disintegrates slowly.

Liquid loss by penetration.

Liquid loss by penetration.

Liquid loss by penetration.

Mine Water,
Waste

Mineral Spirits
Muriatic Acid

Nickel Plating
Solutions

Nickel Sulfate

Nitric Acid, all
Concentrations

ores

Oxalic Acid

Paraffin

Perchloric Acid,
10 percent

Perchloro-
Ethylene

Petroleum Oils

Phenanthrene

Phenol, 5-25
percent
Potassium
Cyanide
Potassium
Dithromate
Potassium
Hydroxide, 25
percent or over
Potassium
Permanganate
Potassium
Persulfate
Potassium
Sulfate

Sulfides, sulfates, or acids
present disintegrate concrete and
attack steel in porous or cracked
concrete.

Liquid loss by penetration,
See hydrochloric acid.

Nickel ammonium sulfate
disintegrates slowly.

Disintegrates concrete of
inadequate sulfate resistance.

Disintegrates rapidly

Sulfides leaching from damp ores
may oxidize to sulfuric acid or
ferrous sulfate.

Not harmful. Protects tanks
against acetic acid, carbon
dioxide, salt water. Poisonous.
Do not use with food or drinking
water.

Shallow penetration not harmful,
but should not be used on highly
porous surfaces like concrete

masonry (g).
Disintegrates.

Liquid loss by penetration.

Liquid loss by penetration. Fatty
oils, if present, disintegrate
slowly.

Liquid loss by penetration.

Disintegrates slowly.

Disintegrates slowly.

Disintegrates.

Disintegrates concrete.

Harmless unless potassium
sulfate present.

Disintegrates concrete of
inadequate sulfate resistance.

Disintegrates concrete of
inadequate sulfate resistance.
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Potassium
Sulfide

Pyrites
Sal Soda

Salt for
Deicing Roads

Saltpeter
Sea Water

Sewage

Silage

Sodium Bisultate
Sodium Bisulfite
Sodium Bromide

Sodium
Carbonate

Sodium Chiorlde

Sodium Cyanide

Sodium
Dichromate

Sodium
Hypochlorite

Sodium Nitrite

Sodium
Phosphate
(Monobasic)

Sodium Sulfate

Sodium Sulfide

Sodium
Thiosulfate

Strontium
Chloride

Sulfite Liquor
Sulfite Solution
Sulfurous Acid

Harmless unless potassium
sulfate present

See ferric sulfide, copper sulfide.
See sodium carbonate.

Also calcium chloride,
magnesium chloride, sodium
chloride.

See potassium nitrate.

Disintegrates concrete of
inadequate sulfate resistance.
Attacks steel in porous or
cracked concrete.

Usually not harmful (see
hydrogen sulfide).

Acetic, butyric, lactic acids (and
sometimes fermenting agents of
hydrochloric or sulfuric acids)
disintegrate slowly.

Disintegrates.
Disintegrates.
Disintegrates slowly.

Not harmful, except to calcium
aluminate cement.

Magnesium chloride, if present,
attacks steel in porous or cracker
concrete. (b) Steel corrosion ma!
cause concrete to spall.

Disintegrates slowly.

Dilute solutions disintegrate
slowly.

Disintegrates slowly.

Disintegrates slowly.

Disintegrates slowly.

Disintegrates concrete of
inadequate sulfate resistance.

Disintegrates slowly.

Slowly disintegrates concrete of
inadequate sulfate resistance.

Not harmful.

Disintegrates.
See calcium bisulfate.

Disintegrates rapidly.

Toluol (Toluene)
Tung Oil

Turpentine
Urine
Xyiol (Xyiene)

Zinc Nitrate

Zinc Refining
Solutions (1)

Zinc Slag

Zinc Sulfate

Liquid loss by penetration

Liquid disintegrates slowly. Dried
or drying films are harmless.

Mild attack. Liquid loss by
penetration.

Attacks steel in porous or
cracked concrete.

Liquid loss by penetration.
Not harmful.

Hydrochloric or sulfuric acids, if
present, disintegrate concrete.

Zinc sulfate sometimes formed
by oxidation.

Disintegrates slowly.
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SPECIAL NOTATIONS

a.

Waters of pH higher than 6.5 may be aggressive, if they also contain bicarbonates. (Natural
waters are usually of pH higher than 7.0 and seldom lower than 6.0 though pH values as low
as 0.4 have been reported. For pH values below 3, protect as for dilute acid.)

Frequently used as a deicer for concrete pavements. [f the concrete contains too little
entrained air or has not been aged more than one month, repeated application may cause
surface scaling. For protection under these conditions, see “deicing salts.”

Water used for cleaning coal gas.

Composed mostly of nitrogen, oxygen, carbon dioxide, carbon monoxide, and water vapor.
Also contains unburned hydrocarbons, partially burned hydrocarbons, oxides of nitrogen, and
oxides of sulfur. Nitrogen dioxide and oxygen in sunlight may produce ozone, which reacts
with some of the organics to produce formaldehyde, peracylnitrates, and other products.

These either contain chromium trioxide and a small amount of sulfate, or ammonium chromic
sulfate (nearly saturated) and sodium sulfate.

Contains lead fluosilicates and fluosilicic acid.

Porous concrete which has absorbed considerable molten paraffin and then been immersed
in water after the paraffin has solidified, has been known to disintegrate from sorptive forces.

Contains nickelous chloride, nickelous sulfate, boric acid, and ammonium ion.

Usually contains zinc sulfate in sulfuric acid. Sulfuric acid concentration may be low (about 6
percent in “low current density” process) or higher (about 22-28 percent in “high current
density” process).

END OF SUBSECTION
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0.02.01 SLABS-ON-GRADE (€Sl 03300)

DESCRIPTION

Slabs are flat, horizontal (or nearly so), non-reinforced or reinforced concrete. Slabs-on-grade are
usually of uniform but sometimes of vanable thickness. Concrete slabs are placed or installed by
pumping machines and other equipment. Concrete floor slab design is affected by formwork, yet
is also directly influenced by types and brand of cement, admixtures, uniformity in mixing, placing
technique. curing methods, and other quality control factors Graphic assembly details that follow
illustrate general assembly/component types only and are not meant as a definitive, exhaustive, in-
depth system breakdown. Field conditions will vary and are subject to project type. local
requirements, and facility design

Non-industrial and light industrial slabs are minimum wear type slabs, usually 3000 psi with welded
wire mesh. Non-industrial and light industrial floor slabs are used in light manufacturing, storage,
and warehousing facilities. Traffic patterns are usually limited to foot and pneumatic wheel
movements.

In non-industrial and light industrial buildings, slabs are usually sealed with a silicone sealer to
minimize efflorescence, spalling, and weathering effects and help to prevent dirt accumulation on
the surface. Silicone is a unique water repellent, neither organic nor mineral In nature. It is
colorless and dispersed in several types of vehicles.

Industrial and heavy industrial slabs are maximum or extreme wearing surfaces compared to the
non-industrial and light industrial buildings. Concrete mixture is usually a minimum of 4000 psi and
reinforced with steel bars. Industrial and heavy industrial slabs have to support items such as
manufacturing machinery, and heavy equipment loads. Traffic usage can vary from solid rubber
or plastic wheels to steel wheels.

Slab coatings (applied to floor slabs) are water-based acrylic emulsions used to seal, dust-proof,
enhance the beauty of concrete, and offer good resistance to water and other common chemicals.
Metallic hardeners are a water-based solutions of magnesium and zinc silicofluorides, and are
also used to harden and dust-proof concrete floors. Water-based epoxy-coatings are an excellent
sealer for concrete floor application where chemical and abrasion resistance are important. Water-
based epoxy-coatings resist most common acids, alkalies, salts and solvents which occur
frequently in heavy and industrial facilities.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Reinforced Concrete (CSI 03300)

Because concrete has limited resistance to tensile and shear stresses, steel reinforcing material is
necessary. Rebars and/or wire mesh must have a capability of developing a bond with the
concrete and be so positioned that each element will be used efficiently. The cross-sectional area
of the reinforcing bar should not be reduced in any way, because the tensile capacity of the
material will be reduced. A thorough knowledge of contract requirements, construction
documents including shop drawings, and the placement of reinforcing steel are very important.

The capability of the reinforcing materials to bond with the concrete must not be destroyed in any
way. Before placement, the reinforcing must be thoroughly cleaned of loose or flaky rust, mill
scale, ice, oil, or any other substance that might reduce or destroy the bond. This will include the
cleaning of any steel that may have been contaminated after placement.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Non-Reinforced Concrete (CSI 03300)

Non-reinforced Concrete Slab-on-Grade is usually placed on compacted, granular fill such as
gravel or crushed stone, which in turn is covered by a polyethylene vapor barrier. The slab
thickness is based on use, supporting subsoil density, or in limited cases, hydrostatic pressure,
Normally, recommended minimum concrete strength is 3500 psi. Concrete floors are usually
placed in square sections that extend to the building column lines at 20 to 30 foot intervals. Non-
reinforced concrete slabs-on-grade normally are used for walkways or minimum use areas

Concrete Slab Placement (CSI 03300)

Other considerations require emphasis when placing concrete slabs. Some relate to finishing and
curing operations but be covered here for special emphasis.

A slump of no more than 4 inches is most frequently specified. The requirement is that the
placement will be continuous and will terminate at an expansion, contraction, or construction joint.

During final placement, concrete under all conditions will be placed as close as practicable in its
final position. When placing extremely thick slab sections, concrete must be placed in uniform lifts
or layers not exceeding 12 inches thick to allow proper and effective compaction and segregation
control is required.

Concrete Floor & Slab Finishes (CSI 03300)

The degree of level and smoothness required in the finished slab must be established at the
beginning. The forms must be accurately and rigidly set to a true line and grade. To keep the
surface level and uniform between forms in large areas, it will be necessary to set ends of drag-off
level. Slabs should be pitched to drain. If this sloping surface is to have any degree of
consistency and uniformity, screeds must be set from the line where slope begins to the drain.

The deviation from a true plane surface should not exceed 1/8 inch when tested with a |O-foot
straight-edge. Concrete should be screeded and floated with straight-edges to bring the surface
to the required finished level with no course aggregate visible. “Straight-edges” as used in this
sentence is interpreted to mean screeds and bull-float instruments, etc. with straight and true
edges.

Concrete Reinforcement (CSI 03200)

Concrete reinforcement consists of bars, wires, strands, and other slender members embedded in
concrete in such a manner that the reinforcement and the concrete act together in resisting forces.
This is done due to concrete’s limited resistance to tensile and shear stresses. Reinforcement
must be accurately located to ensure proper cover and to reduce the chance of loss or corrosion
of a structural section of reinforcing steel. When concrete is deposited directly against the earth for
footings, at least 3 inches of concrete should exist between the steel and the earth. When
concrete is deposited directly against formwork for footings there should be at least 2 inches of
concrete between the steel and the formwork. Follow ACI 318 publication “Building Code
Requirements for Reinforced Concrete.”

Reinforcing mesh should not be continuous between expansion joints in slabs. Mesh should be
lapped at least 6 inches when more than one section is required to allow for continuous bonding
of concrete. Welded wire mesh shall be supported on standard accessories or by precast
concrete blocks. These supporting accessories are too frequently overlooked. Mesh normally
used in building slabs for reinforcing will usually be furnished in rolls. It is difficult to support and
hold roll-type mesh in position. Thicker mesh is furnished in flat sheets.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Expansion, Construction, & Contraction Joints (CSI 03250)

An expansion joint is defined as a joint between two slab edges in which a compressive material is
Inserted to accommodate both compression and expansion movement. Reinforcement, corner
protection angles, and other embedded metal items should not run continuously through this joint.
Joint width vanes with amount of movement anticipated.

The construction joint is defined as a joint which occurs at a placement stop form. Once the form
is removed and a specified time has elapsed, new concrete will be placed directly in contact with
the old concrete surface. Reinforcing and embedded items may continue through this joint,
Construction joints in concrete are to be formed as adequately as other formwork and will
incorporate the features shown on plans. Keyways and waterstops introduced into these joints
must be well supported to ensure the necessary embedding, joint shape, and function.

The contraction joint is defined as a joint formed either by embedding a separating element
through the depth of the slab or sawing joints in the slab after placement. This joint is planned for
pattern uniformity and located so that shrinkage cracking can be controlled. Concrete placement
is continuous through this joint. Reinforcing and embedded items such as wood strips should not
continue through this joint. Joints of one type or a combination of types will be used to divide the
slab into areas not to exceed 600 square feet.

Expansion joints and other joints to receive joint sealers should be properly placed with removable
dressed and oiled wood strips attached to the top edge. The positioning of this item will be such
that when removed, a 3/4 inch deep groove will remain.

Support for Reinforcement (Chairs, Spacers, & Bolsters) (CSI 03250)

Chairs are small metal supports for reinforcing steel used to maintain the proper positioning during
concrete placement/pours. A spacer is used in the same fashion as a chair. Bolsters in concrete
are continuous wire bars used to support bars in the bottom of footings. The top wire is
corrugated at 1 inch centers to hold the bar in its position.

Admixtures (CSI 03370)

An admixture is an ingredient other than cement, aggregate, or water that is added to a concrete
or mortar mix to affect the physical or chemical concrete characteristics. The most common
affects the plasticity, air entrainment, and curing time.

Air-Entrainment Agents:

Provide a more workable material.
Definitely used when concrete surface will be exposed to freeze/thaw cycles.

Retarder & Densifying Agents:

Retard the set; suggested in warm weather to reduce cracking due to rapid set-up.
Increase the workability of the mix.
Allow for delayed finishing, resulting in less permeable concrete.

Accelerator:

Useful in winter (cold weather concreting).
Useful when working to seal against the water-flow.
Should be used sparingly because the admixture tends to increase shrinkage.

Granular Base (CSI 03300)

A granular base is a uniformly graded mixture of fine and course aggregates to provide, when
compacted, a smooth and even surface below footings.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Coating Types, Hardening Agents, & Sealers (CSI 03370)

Coatings can be adhered to the concrete surface by bonding, percolation into the pores, or
chemical reaction. It should be understood that coatings give either permanent or temporary
surface protection against fluids, chemicals, etc.; in the lafter case the slab must be re-coated
according to the supplier's specification. The ACI has developed a list of substances that modify
the condition of the concrete surface. Before trying any recommended treatment, it should be
tested on a small patch of the surface for effectiveness.

The other type of concrete surface coating is referred to as sealants and finishes. Concrete floor
sealants and finishes help eliminate dusting by filling concrete surface. Soil and dirt do not
penetrate these coatings if properly applied. By applying additional coats, possible excessive
wear can be prevented and thus prolong the life of the floor slab. Conditions to be considered
when selecting a protective sealant and/or finish are as follows:

e The standard of maintenance required.
The amount of traffic on the floor.
The type of soilage that will occur on concrete surface.
Existing floor conditions.
Application requirements.
The degree of maintenance required after application.

Coating Types, Hardening Agents, & Sealers (CSI 03370) (Continued)

Available sealants include chlorinated rubber, oleoresin, one-component epoxy esters, oil-modified
urethanes, and acrylic resins. Floor finishes offer the best protection for any surface. The finish
locks in the concrete and forms a second surface on top of an existing floor. Floor finishes
available are one- and two-component epoxies and oil-free urethanes. Single-component epoxies
have fairly good wear, but tend to yellow with age. The major types available are two-component
type (epoxy resin and curing agent), three-component type, and uretrane-based. Two-component
are tough, and wear resistant, and flexible. However, good wear characteristics can be adversely
affected by moisture during application. Three-component toppings are normally more flexible
than epoxy types. They are, however, affected by moisture during application. Other types of
available toppings are latex modified concrete, which gives good adhesion and is somewhat
flexible, and asphalt toppings, which are soft pliable, and therefore not as durable as other

toppings.
Concrete Finishing Methods (CSI 03300)

Troweling:

A steel trowel is used where a smooth, hard, and dense surface is desired. The first troweling may
be sufficient to produce the desired surface free of defects. Surface smoothness, density, and
wear resistance can all be improved by timely additional troweling to permit the concrete to
become harder. As the surface hardens, successive troweling can be done with smaller trowels
using progressively more tilt on the trowel blade. When troweling is done with a machine, at least
one passing should be done with a hand trowel to remove small irregularities.

Brooming:

A slip-resistant surface may be produced by brooming the surface before the concrete has
thoroughly hardened, but should be sufficiently hard to retain the scoring. Rough scoring is
achieved using steel wire or a stiff, coarse, fiber broom. Such brooming usually follows floating. If
a finer texture is desired, the concrete is troweled to a smooth surface and then brushed with a
soft-bristled broom. Best results are obtained using a broom specially made for texturing
concrete. Slabs are usually broomed transversely to the main direction of traffic.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Concrete Finishing Methods (CSI 03300) (Continued)
Patterned & Textured Finishes:

A variety of patterns and textures can be used to produce decorative finishes. Patterns are formed
with divider strips or by scoring or stamping the surface just before the concrete hardens.
Textures can be produced with little effort and expense using floats, trowels, and brooms. More
elaborate textures can be achieved with special techniques using a mortar dash coat or rock salt.

An exposed-aggregate finish provides a ruggedly attractive surface. Select aggregates, usually of
uniformed size such as 3/8 or 1/2 inch or larger, are evenly distributed on the surface immediately
after the slab has been bull-foated or darbied. Flat or elongated aggregate particles should not be
used because they may become dislodged while being exposed.

Timing is important, and test panels are usually made to determine the correct time for exposing
the aggregate without dislodging the particles. On large areas, a reliable retarder may be sprayed
or brushed on the surface immediately after floating, but this may not be necessary on small areas.

OTHER RELATED COMPONENTS

Refer to Foundations & Footings and Superstructure Systems, Volumes 1 and 3, for additional
deficiencies that may impact this system.
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Bar Support llustration

Type of

S 1 . i
ymbo Bar Support lllustration Plastic Capped or Dipped Support Sizes
SB = Sab Bolster 3/4,1,1-1/2,and 2
~ ﬁ ? § heightsin 5 and 10
N o~ "~ h 5~ lengths
~—eE T
~ CAPPED
SBU* - Slab Bolster Upper Same as SB
W
BB Beam Bolster 1, 1-112.2, over 2-t
- 5 heightsin
~ ~ ~ &) ) increments of 1 /4” ir
™~ ~ N CAPPED 11> lengths of &
BBU* Beam Bolster Upper Same as BB
BC lindividual Bar Chair 3/4,1.1-1/2, and 1-
3/4" heights
DIPPED
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and3/4,1 and 1-
r 172 heghts
DIPPED DIPPED
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CAPPED
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DEFICIENCY FACTORS
0.02.01 SLABS-ON-GRADE {CSI 03300)

PROBABLE FAILURE POINTS

. Lack of curing resulting from accelerated curing, improper temperatures, procedures, mix,
etc., will increase the degree of cracking in a concrete structure.

. Reinforcement corrosion causing cracking and/or deterioration of concrete from the presence
of air and moisture.

e Weathering can cause cracking: 1) freezing and thawing, 2) wetting and drying, and 3)
heating and cooling.

¢ A number of deleterious chemical reactions may result in concrete cracking. These reactions
may be due to the aggregate used to make the concrete or chemically active materials that
come into contact with it after it has hardened or cured.

e A wide variety of poor construction practices can result in cracked concrete or masonry
structures, primarily adding water to improve workability. This practice reduces strength,
increases deformation, and increases ultimate drying shrinkage.

e  Construction overloads can be far more severe than those experienced in the lifetime of the
structure. Unfortunately, these conditions may occur at early ages when the concrete is most
susceptible to damage and often result in cracks.

¢ The effects of improper design and/or detailing range from poor appearance, lack of
serviceability, to catastrophic failure.

. Externally applied loads induce tensile stresses that result in cracks propagation. Current ACI
318 design procedures for using reinforcing steel, not only to carry the tensile forces, but also
to control both crack distribution and width.

Improper compaction or soft spots in the grade result in uneven slab settling or slippage.
. Hydrostatic pressure from groundwater results in cracks to total failure.
SYSTEM ASSEMBLIES/DEFICIENCIES

Spalling: Concrete fragments that have broken from the surface;
caused by reinforcement corrosion.

Leaching: Process of separating liquid from solid materials by allowing
them to percolate into surrounding soil causing weak and
brittle concrete.

Settlement: Solid particles sink in fresh concrete, after placement and
before initial set.

Dusting: Surface deterioration and bonding breakdown that forms a
powdery residue; usually caused by over-working surface or
improper curing.

Exposed Reinforcing: Insufficient steel cover. Concrete quality. Calcium chloride
overuse as admixture.

Alkali-Aggregate Expansion: Chemical reaction between aggregate and cement paste
causing separation and break-up.

Cavitation: Damage from rapid movement of water or other liquids
across the surface causing surface breakdown and erosion.
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0.02.01 SLABS-ON-GRADE (CSI 03300)

SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Cracking (Active & Dormant): Construction movement, settlement, shrinkage around
reinforcement.  Settling due to inadequate finishing and
curing. Chemical reactions such as corrosion. Physical
reactions such as drying shrinkage. Thermal changes
(subjected to temperature extremes, such as freeze/thaw
cycles).  Stress concentration.  Poor structural design.
Accidents from overload, vibration, fatigue, and earthquake.

Crazing: Surface shrinkage is more rapid than concrete mass interior.
Too high a slump. Too rich a mix. Poor timing on finishing.
Too rapid moisture absorption.

Holes (Small and Large): Chemical reaction. Inadequate construction and design.

Staining: Surface discoloration from a foreign substance or material
eg., soil.

Efflorescence: A whitish powdery deposit of soluble salts brought to the

surface by moisture which leaves residue after evaporating.

Plant Growth Moss/Algae: Moss or algae growth over the surface, usually from
excessive moisture.

Corrosion of Rebar: Metal rebar oxidation by chemical or electrochemical action
after prolonged exposure to moisture.

2 i-8 Rev 05/93



DOE CAS Manual

Volume 2:

0.02 Substructure

CONCRETE SLAB DETERIORATION/EXPOSED REINFORCING

PHOTO ILLUSTRATION

SLAB ON GRADE DETERIORATION

SYSTEM ASSEMBLY DEFICIENCY
DETAILS-SUBSTRUCTURE

EXPOSED REINFORCING

SLABS ON GRADE
REINFORCED
(CSI 03300)

Revision No.

Issue Date

5/93

Drawing No.

D0201-1




DOE CAS Manual Volume 2: 0.02 Substructure
|

SLAB SPALLING

PHOTO ILLUSTRATION
. ______________________________________________________ __________________________________________|

SYSTEM ASSEMBLY DEFICIENCY
DETAILS-SUBSTRUCTURE

SLAB ON GRADE SPALLING

SLABS ON GRADE Revision No. Issue Date Drawing No.
?gg\l'ng%%%f)’ 5/93 D0201-2




DOE CAS Manual Volume 2: 0.02 Substructure
|

SLAB ON GRADE CRACKS

PHOTO ILLUSTRATION
|

SYSTEM ASSEMBLY DEFICIENCY
DETAILS-SUBSTRUCTURE SURFACE CRACKS

SLABS ON GRADE Revision No. Issue Date Drawing No.

NON-REINFORCED
(CSI 03300) 5/93 D0201-3




DOE GAS Manual Volume 2: 0.02 Substructure
|

SOIL SETTLEMENT

PHOTO ILLUSTRATION
________________________________________________ _________________________________|

SYSTEM ASSEMBLY DEFICIENCY SOIL SETTLEMENT
DETAILS-SUBSTRUCTURE

SLABS ON GRADE Revision No. fssue bate preving o
CO(I\CI:CSITE(;I-IIBESOSOL)AB 5/93 D0201-4




DOE GAS Manual

Volume 2: 0.02 Substructure

SOIL MOVEMENT

PHOTO ILLUSTRATION

BEARING SOIL MOVEMENT

SYSTEM ASSEMBLY DEFICIENCY
DETAILS-SUBSTRUCTURE

SLABS ON GRADE
(CSI 04210)

Revision No.

Issue Date

5/83

Drawing No.

D0201-5




DOE CAS Manual Volume 2 0.02 Substructure
|

DEFICIENCY FACTORS
0.02.01 SLABS-ON-GRADE (CSI 03300)

THIS PAGE INTENTIONALLY LEFT BLANK

Rev. 05/93 21-9



DOE CAS Manual Volume 2: 0.02 Substructure
]

DEFICIENCY FACTORS
0.02.01 SLABS-ON-GRADE (CSI 03300)

END OF SUBSECTION

2 1-10 Rev 05/93



DOE CAS Manual Volume 2: 0.02 Substructure
|

DEFICIENCY FACTORS
0.02.02.04 WOOD (CSI 06100)

THIS PAGE INTENTIONALLY LEFT BLANK

Rev. 05/93 2.2.4-5



DOE CAS Manual Volume 2: 0.02 Substructure
|

DEFICIENCY FACTORS
0.02.02.04 WOOD (€S1 06100)

END OF SUBSECTION

2.2.4-6 Rev. 05/93



DOE CAS Manual Volume 2: 0.02 Substructure
|

0.02.03 COLUMN FIREPROOFING (CSI 07250)

DESCRIPTION

Modern building codes and DOE requirements specify minimum fire-resistant requirements based
on the degree of fire hazard in each occupancy class. These codes set the fire resistance
requirement for main structural building elements. The ASTM Standard fire test specification (E
119-58) is the universally accepted standard for classifying the duration and intensity of fire
resistance provided by building materials and constructions. These tests indicate the length of
time that structural members, such as columns and beams, maintain their strength and rigidity
before failure.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Construction _Materials:

Materials must provide the following characteristics or properties to qualify as safe, dependable
fireproofing:

They must not burn or support combustion.

They must prevent the rapid and excessive heat flow for a definite time period.

They must be sufficiently standardized and controlled to ensure consistent, dependable
protection.

Their effective fire resistance must be determined by the ASTM standard time-temperature fire
test for each type of construction in which they are to be used.

Gypsum (CSI 09250)

Gypsum is a mineral with unusual fire-resistant qualities when subjected to high temperatures in
relation to its volume. Gypsum plaster, machine or manually applied to metal or gypsum lath, is
very satisfactory fireproofing material. Gypsum wallboard (in the form of lath or finish material) and
gypsum tile are commonly used in fire-resistant construction.

Vermiculite & Perlite (CS1 09250)

Vermiculite and perlite are lightweight aggregates possessing high thermal insulation qualities.
They are used both in gypsum and cement plaster and in concrete. Their weight is one-tenth that
of and they have excellent fire-resistant, acoustical, and insulating properties. The plaster may be
machine-applied directly to the underside of light-gauge steel floor or roof decks, columns or
beams, or to gypsum or metal lath.

Mineral Fiber (CSI 09250)

Mineral fiber combined with a mineral binder, air, and water, forms a very efficient fireproofing
material. Applied with a special spray gun, the material will bond directly to steel, metal lath, and
most other clean rigid surfaces such as gypsum I&th and concrete. Mineral fiber has excellent fire-
resistant qualities and acoustical qualities when applied to structural members such as columns,
beams, girders, and trusses.

Portland Cement (CSI 04100)

Portland cement continues to be useful as a fireproofing material. When subjected to high
temperatures, it releases water in a manner similar to gypsum, although to a lesser degree. The
selection of aggregate is critical to the fire-resistance of concrete which is greatly improved with the
use of light aggregates instead of stone. Portland cement plaster is also used for fire protection.
Mixing it with lightweight aggregates and mineral fibers greatly improves its fire resistance. It is
preferred to gypsum plaster if there is exposure to the weather or high humidity.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Magnesium Oxychloride (CSI 07250)

Sprayed-on magnesium oxychloride fireproofing is a special type of plaster that is conveniently
sprayed on. It reacts to fire exposure differently than ordinary gypsum or Portland cement plasters.
It is a much better protector, but more expensive. Compared to the aggregate type, it is heavier
(but offers the same protection with less thickness), stronger, less affected by moisture, and
bonds stronger to substrates (like plaster bond). Spraying produces a relatively clean application,
and freshly placed material can be troweled, screeded, or leveled with a smooth paint roller. It is
often used with metal lath boxing and corner beads as screeds, resulting in a finish plaster
appearance. This product is of sufficient durability to replace thicker cast-in-place concrete for
various uses; saving space, weight, and cost. It can be effectively combined with an intumescent
top coating to provide the greatest amount of pfotection in the least amount of space (thickness),
remaining weather resistant and durable.

Magnesium oxychloride formulations have been labeled corrosive. Thus, they must be prevented
from contacting metals such as stainless steel, aluminum, and copper alloys. It is imperative that
their use be limited to substrates whose compatibility with specific formulations has been
documented by testing and in the field, despite manufacturers’ claims that current formulations are
not corrosive to listed substrates (including steel).

Intumescent Coatings (CSI 07250)

Sprayed-on intumescent coatings serve as a different type of fireproofing. They foam or expand
under intense heat, forming a thick, inert insulator on substrates. Although a very practical material
for perhaps one hour, they are less effective for higher fire ratings. Based on dollars per hour of
protection, they are the most expensive system. However, benefits include being thin, lightweight,
durable, and moisture/weather resistant. They bond strongly to substrates and are clean to use.
These substrates, however, must not have a noncompatible primer or paint coat, presenting a
coordination problem with structural steel, joists, steel deck, and other surfaces that need coating.
Sprayed coats can be roller leveled to provide a smooth finish (recommended due to unsightly
drips and runs resulting from application). One unique feature of intumescent coatings is that they
must cure or age for about 30 days before reaching their nominal protective capacity, an
inadvertent hazard for fast-track work.

OTHER RELATED COMPONENTS

See the following subsections for related components:

0.02.02.01 Cast-in-Place Concrete ColUMNS . .. .o vttt 2.2.14
0.02.02.02 Loaded Precast ColmmS . ......vvete ettt 2.2.24
0.02.02.03 SRl COIUMNS . . 2.2.3
0.02.02.04 WOOA COlUMINS coviiieieee et s sttt e s v e be e s s e erreneseens 2.2.4-1
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DEFICIENCY FACTORS
0.02.03 COLUMN FIREPROOFING (CSI07250)

PROBABLE FAILURE POINTS

Lack of curing resulting from accelerated curing, improper temperatures, procedures, mix,
etc., will increase the degree of cracking in a concrete structure.

Reinforcement corrosion causing cracking and/or deterioration of concrete-from the presence
of air and moisture.

Unsealed or improperly sealed penetrations.

Cracking caused by structural movement or improper joint compound application.
Water damage caused by leaking piping or other sources. .

Impact damage from objects striking or impacting the surface.

A number of deleterious chemical reactions may result in the cracking of concrete. These
reactions may be due to the aggregate used to make the concrete or materials that come into
contact with the concrete after it has hardened or cured.

A wide variety of poor construction practices can result in cracked concrete or masonry
structures, primarily adding water to improve workability. This practice reduces strength,
increases deformation, and increases ultimate drying shrinkage.

Construction overloads can be far more severe than those experienced in the lifetime of the
structure.  Unfortunately, these conditions may occur at early ages when the concrete or
masonry is most susceptible to damage and often result in cracks.

SYSTEM ASSEMBLIES/DEFICIENCIES

CementitiousAlkali-Aggregate
Expansion: Chemical reaction between aggregate and cement paste

causing separation and break-up.

Cracking (Active & Dormant): Construction movement, settlement, shrinkage around

reinforcement.  Setting due to inadequate finishing and
curing. Chemical reactions such as corrosion. Physical
reactions such as drying shrinkage. Thermal changes
(subjected to temperature extremes such as freeze/thaw
cycles).  Stress concentration.  Poor structural design.
Accidents from overload, vibration, fatigue, and earthquake.

Surface Deterioration: Crazing from shrinkage more rapid than concrete mass

interior. Too-high a slump. Improper mix proportions. Poor
timing on finishing. Too rapid moisture absorption.
Cavitation from water or liquid action over surface. Chemical
reactions.

Holes (Small & Large): Chemical reaction. Inadequate construction and design.

Spalling: Concrete fragments that have broken from the surface;

caused by reinforcement corrosion.

Out -of-Alignment: Bowing, deflection, or other movement that brings the

surface out of plumb or not level in one or more directions.

Mortar/Joint Material
Missing/Eroded: Deteriorated or damaged joints that have fallen out or worn

down. Excessive joint movement.

Rev. 05/93 2.3-3



DOE CAS Manual Volume 2: 0.02 Substructure
|

DEFICIENCY FACTORS
0.02.03 COLUMN FIREPROOFING (CSI 07250)

SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Staining:

Efflorescence:

Plant Growth Moss/Algae:

Corrosion of Rebar:

Gypsum

Penetration/Holes:
Impact Damage:
Water Damage:
Cracking:

Loose Fastener:
Mineral Fiber
Cracking:

Bond Failure:

Surface Deterioration:

Impact Damage:

Water Damage:

Surface discoloration from a foreign substance or material.

A whitish powdery deposit of soluble salts brought to the
surface by moisture which leaves residue after evaporating.

Moss or algae growth over the surface, usually resulting
from excessive moisture.

Metal rebar oxidation by chemical or electrochemical action
after prolonged exposure to moisture.

7

Unsealed or improperly sealed penetration through wall for
pipes, ducts, or cable.

Damage caused by objects striking or impacting the
surface.

Bulging, sagging, discoloration, softened material caused
by leaking pipes, standing water, or other leaks.

Settlement/movement, joint compound shrinkage,
supporting structure sag or warp, or inferior workmanship.

Improper framing or fastener application.

Settlement/movement, member deflection.
Poor material application, improper preparation.

Surface breakdown from abrasive action, exposure to
elements, or improper mixture and application.

Damage caused by objects striking or impacting the
surface.

Bulging, sagging, discoloration, softened material caused
by leaking pipes, standing water, or other leaks.

-END OF SUBSECTION
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INSPECTION METHODS « STANDARD

GUIDE SHEETS

The following Guide Sheets provide a general overview of inspection methods and requirements
used to provide a general Substructure inspection. Sheets have been developed for each major
type and associated assembly components as follows:

TABLE ONE
Assembly/Component " Control Number
Slabs-0n-Grade ........cccccceeiiiiiiiii e, . GSS 0.02.01
Cast-in-Place Concrete.......coovveeeeeiiiiiiiiiiieeeeeeeccie, GSS 0.02.02.01
Loaded Precast Concrete .........ccocceveeeeeiiiiiiiieeeeeeeiinn, GSS 0.02.02.02
SEEELL. it GSS 0.02.02.03
WOOD.. .. GSS 0.02.02.04
Column Fireproofing.. ....cccccovvveee i GSS 0.02.03
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0.02.02.01 CAST-IN-PLACE COLUMNS (CSI 03300)

DESCRIPTION

Cast-in-Place Columns are part of the support structure and are usually loaded axially in
compression and transfer structural loads to the footings. The design of the Cast-in-Place
Columns is affected by the framework, yet also directly influenced by type and brand of cement,
admixtures, uniformity in mixing and technique, curing methods, and other quality control factors.
Graphic assembly details that follow illustrate general assembly/component types only and are not
meant as a definitive, exhaustive, in-depth system breakdown. Field conditions will vary and are
subject to project type, local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Cast-In-Place Concrete (CSI 03300)

Concrete is a composite material that consists of essentially a binding medium with embedded
particles or fragments of aggregate; in Portland cement concrete,. the binder is a mixture of
Portland cement and water. See ACI publications 318 “Building Code Requirements for Reinforced
Concrete” and 301 “Specifications for Structural Concrete Buildings” indicate a preference for
proportioning and design.

Design Mixes Providing Normal Weiaht Concrete;

4000-psi, 28-day compressive strength w/c ratio; 0.44 max
3500-psi, 28-day compressive strength w/c ratio; 0.51 max
3000-psi, 28-day compressive strength w/c ratio; 0.58 max
2500-psi, 28-day compressive strength w/c ratio; 0.67 max

Reinforced Concrete (CSI 03300)

Because concrete has limited resistance to tensile and shear stresses, steel reinforcing material is
necessary. Rebars and/or wire mesh must have a capability of developing a bond with the
concrete and be so positioned that each element will be used efficiently. A thorough knowledge of
contract requirements, construction documents including shop drawings, and the placement
reinforcing steel are very important.

The cross-sectional area of the reinforcing bar should not be reduced in any way, because the
tensile capacity of the material will be reduced.

Formwork (CSI 03100)

Forms are a temporary structure or mold for support of concrete while it is setting and gaining
sufficient strength to be self supporting. It is the total system of support for freshly placed
concrete, including the mold or sheathing which contacts the concrete, as well as all supporting
members, hardware, and necessary bracing. For cast-in-place stairs form anchors are used to
secure formwork to previously placed concrete of adequate strength. The device is embedded in
the concrete during placement. Also a form coating, a liquid is applied to the interior of the
formwork surfaces for a specific purpose, usually to promote easy release from the concrete, to
preserve the form material, or retard the set of the near-surface matrix for preparation of exposed
aggregate finishes.

Rev. 05/93 2.2.1



DOE CAS Manual Volume 2: 0.02 Substructure

0.02.02.01 CAST-IN-PLACE COLUMNS (CSI 03300)

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Admixtures (CSI 03370)

An admisture is an ingredient other than cement, aggregate, or water that is added to a concrete
mortar mix to affect the physical or chemical concrete characteristic. The most common affects
are plasticity, air entrainment, and curing time.

Air-Entrainment__Aaents:

Provide a more workable material.
Definitely used when concrete surface will be exposed to freeze/thaw cycles.

Retarder & Densifvina _Aoents:

rd
Retard the set; suggested in warm weather to reduce cracking due to rapid set-up.
Increase the workability of the mix.
Allow for delayed finishing, resulting in less permeable concrete.

Accelerator:

Useful in winter (cold weather concreting).
Useful when working to seal against the water-flow.
Should be used sparingly because the admixture tends to increase shrinkage.

OTHER RELATED COMPONENTS

See the following subsections for related components:

0.02.01 SIabs-0N-Grade ..........covveeieiiiiiiii et e e 2.1-1
0.02.03 Column Frproofing . ... ovvee e 2.3

Refer to Foundations & Footings and Superstructure Systems, Volumes 1 and 3, for additional
deficiencies that may impact this system.
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DEFICIENCY FACTORS
) 0.02.02.01 CAST-IN-PLACE CONCRETE (CSI 03300)

PROBABLE FAILURE POINTS

¢ Lack of curing resulting from accelerated curing, improper temperatures, procedures, mix,
etc., will increase the degree of cracking in a concrete structure.

Reinforcement corrosion causing cracking and/or deterioration of concrete from the presence
of air and moisture.

Weathering processes that can cause cracking: 1) freezing and thawing, 2) wetting and
drying, and 3) heating and cooling.

A number of deleterious chemical reactions may result in concrete cracks. These reactions
may be due to the aggregate used to make the concrete or materials that come into contact
with it after it has hardened.

A wide variety of poor construction practices can result in cracked concrete structures,
primarily adding water to concrete to improve workability. This process reduces strength,
increases settlement, and increases ultimate drying shrinkage.

Construction overloads can be far more severe than those experienced in the lifetime of the
structure. Unfortunately, these conditions may occur at early ages when the concrete is most
susceptible to damage and often result in cracks.

Errors in design and detailing range from poor appearance to lack of serviceability to
catastrophic failure.

. Externally applied loads are known to induce tensile stresses that result in cracks. Current ACI
5 318 design procedures use reinforcing steel, not only to carry the tensile forces, but to obtain
) both an adequate crack distribution and reasonable limit on crack width.

SYSTEM ASSEMBLIES/DEFICIENCIES

Spalling: Fragments that have broken from the surface, caused by
reinforcement corrosion, impact damage, freeze/thaw
cycles, etc.

Settlement:; Solid particles sink in fresh concrete, after placement and

before initial set.

Exposed Reinforcing: Insufficient steel cover. Concrete quality. Calcium chloride
overused as admixture.

Alkali-Aggregate  Expansion: Chemical reaction between aggregate and cement paste
causing separation and break-up.

Cavitation: Damage from rapid movement of water or other liquids
across the surface causing breakdown and erosion.

Cracking (Active & Dormant): Construction movement, settlement, shrinkage around
reinforcement.  Setting due to inadequate finishing and
curing. Chemical reactions such as corrosion. Physical
reactions such as drying shrinkage. Thermal changes
(subjected to temperature extremes, such as freeze/thaw
cycles).  Stress concentration.  Poor structural design.
Accidents from overload, vibration, fatigue, and earthquake.

Crazing: Surface shrinkage more rapid than concrete mass interior.
) Too high a slump. Too rich a mix. Poor timing on finishing.
Too rapid moisture absorption.
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0.02.02.01 CAST-IN-PLACE CONCRETE (€Sl 03300)

SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Holes (Small and Large): Chemical reaction. Inadequate construction and design.
Form Scabbing: Form oil improperly applied.
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